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/?ef/c/e schematic 
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FIG. 1 
(Prior Art) 
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Reticle Features 



Schematics for FIG. 1 



BOX A 
BOX B 




FIG. 2 
(Prior Art) 
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FIG. 3 
(Prior Art) 



Overlapping regions 




OVERLAY TARGET 



Perfectly centered 
Box-in-Box structure 



TT§§ 



FIG. 4 
(Prior Art) 



FIG. 4 A 
(Prior Art) 
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Schematic ofX-shear overlay on wafer 

PRINTED „ 
FEATURE TARGET, BOX-IN-BOX 
WHITE =CLEAR \$M J FOR EXAMPLE 

OVERLAY GROUP 



OF PHOTORESIST 
DARK = REMAINING D 
PHOTORESIST r? 




7YPO/. X-StfE/1/? OVERLAY MEASUREMENT SITE 

□ d rj rj 

g| D Kg - £ J D 

F/G. 77 

Schematic of Y-shear overlay on wafer 



• Riii ' X 1 n 



ncMTcrJyP'CAL Y-SHEAR OVERLAY MEASUREMENT SITE 
PRINTED 



FEATURE TARGET, m)o g o 

WHITE =CLEAR / m D ra 0 

OF PHOTORESIST _ ^ ^ ^ 

DARK = REMAINING IB 

PHOTORESIST M □ □ 



BOX-IN-BOX 
FOR EXAMPLE 



o 1X1 □ 



/7G. 72 

□ 

IS 

2-Dimesional reticle schematise, 90 degree overlay orR-shear. 

□ 



SET (DASHED LINES) 



0 DEGREE OVERLAY^ r_ x 
SET (SO/./0 L//VE V 90 DfG/?££ Ol/E 



/7G. 73 



T.r-: A\3 A=FAHATJ3 FCP^ SrL"- 

.VAFFiN:? 
Inventory): A. Sm.m el a!. 

AppLcctcn Xo.: 10/72/. 01 8-F:!sd 12/02/2003 
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Typical overlay patterns or completed alignment attributes 



1402 




M s-BOX-IN-BOX 



f 



1404 



lul 



• FRAME-IN-FRAME 



-SEGMENTED FRAME-IN-FRAME 
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U~ll ^MULTI-SEGMENTED 
II H = M II FRAME-IN-FRAME 



FIG. 14 
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Process-flow for the second embodiment for self-referencing 
lens distortion measurement. 
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PROVIDE WAFER 



1504^ 



COAT WAFER WITH 
PHOTORESIST, LOAD 
INTO PROJECTION IMAGING 
TOOL AND ALIGN. 
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PROVIDE RETICLE. 
LOAD AND ALIGN RETICLE 



1508-^ 



EXPOSE X-SHEAR FIELDS. 



EXPOSE Y-SHEAR FIELDS. 
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EXPOSE FIRST R-SHEAR 
FIELD. 

1 



ROTATE WAFER 90 
DEGREES AND ALIGN 
WAFER. 




1 


> 


r 


1516 


EXPOSE SECOND R-SHEAR 
FIELD. 






r 


r 


1518 


DEVELOP WAFER 
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1520 


MEASURE OVERLAY 
TARGETS 
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1522 


RECONSTRUCT LENS 
DISTORTION MAP 





FIG. 15 



Some components of overlay or placement error 
(Inter-field and Intra- field) 



Li L 
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TRANSLATION ROTATION NON-ORTHOGONALITY SCALE OR MAGNIFICATION 

FIG. 16 
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Photolithographic stepper or scanner system 

LIGHT SOURCE- 



RETICLE AND 
VIRTUAL BLADES 



WAFER 




1704 
PROJECT LENS 

/-WAFER STAGE 



FIG. 17 
(Prior Art) 



Inter-field overlay error 



INTER-FIELD 
OVERLAYERROR 

FIELD 



NOMINAL WAFER 
CENTER POSITION 

WAFER 




FIG. 18 
(Prior Art) 



Intra-field overlay error 

■FIELD 




NOMINAL FIELD 
CENTER POSITION 



WAFER 

NOTCH ON WAFER CAN 
BE USED FOR GLOBAL 
ALIGNMENT 



FIG. 19 
(Prior Art) 
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Example of prior art lens 
distortion test 




FIG. 21 
(Prior Art) 
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Wafer with alignment marks at 0 and 90 degrees 

90 DEGREE 

ALIGNMENT MARKS (2X) 
WAFER 



0 DEGREE 

ALIGNMENT MARKS (2X) 



FIG. 22 




Wafer after exposure of FIG. 20 overlay 
reticle at the 0 degree orientation 




FIG. 23 



Wafer after exposure of FIG. 20 overlay 
reticle at the 0 and 90 degree orientations (clockwise) 

X-SHEAR FIELDS-^^-Y-SHEAR FIELDS 
R-SHEAR FIELDS^^ J 



FIG. 24 
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Detail of R-shear pattern on wafer 




FIGURE 26 



FIG. 25 



Closeup of overlay groups for R-shear 



OVERLAY GROUP AT 
0 DEGREES (SOLID LINE) 



.FIGURE 27 

OVERLAY GROUP AT 
90 DEGREES (DASHED LINE) 
CLOCKWISE 



FIG. 26 

Single Box-in-Box target. 
Dark=undeveloped photoresist 
white =no photoresist 



POSITIVE 

DISPLACEMENT 



+,+ 



tlQI 



FIG. 27 
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FIGURE 33 
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1 • /?e/w 



^RETICLE 



OUTER 
BOX 4 



FIGURE 33A 



FIG. 32 



Inner box 3 on reticle. 
Dark -chrome, 
white = open. 




FIG. 33 




Outer box 4 on reticle. 
Dark-chrome, 
white =open. 



FIG. 33A 
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Process flow for the preferred 
embodiment for seff-referencing 
lens distortion measurement. 
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COAT WAFER WITH 
PHOTORESIST, LOAD INTO 
PROJECTION IMAGING 
SYSTEM. 
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PROVIDE RETICLE. 
LOAD AND AUGN RETICLE 


3408-^ 






EXPOSE X-SHEAR FIELDS, j 
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EXPOSE Y-SHEAR FIELDS. 


3412-, 
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DEVELOP WAFER J 


3414-^ 
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MEASURE OVERLAY 
TARGETS 


3416-^ 
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RECONSTRUCT LENS 

DISTORTION MAP 



Process flow for the alternate 
embodiment utilizing sub-Eo 
exposure doses on the wafer. 
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PROVIDE WAFER 
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COAT WAFER WITH 
PHOTORESIST, LOAD INTO 
PROJECTION IMAGING 
SYSTEM. 
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PROVIDE RETICLE. 
LOAD AND ALIGN RETICLE 
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EXPOSE X-SHEAR FIELDS 
WITH MULTIPLE SUB-EO 
EXPOSURES AT THE WAFER. 
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EXPOSE Y-SHEAR FIELDS 
WITH MULTIPLE SUB-EO 
EXPOSURES AT THE WAFER. 
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DEVELOP WAFER 1 
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MEASURE OVERLAY 
TARGETS 
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RECONSTRUCT LENS 

DISTORTION MAP 



FIG. 34 



FIG. 34A 
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bVa/er after exposure of 
FIG. 20 overlay reticle for 
X and Y shears. 



Detail of Y-shear for a 2x2 
set of overlay groups 




X-SHEAR FIELDS 



FIGURE 35B 




.FIGURE 35A 

Y-SHEAR 
FIELDS 



FIG. 35 



FIG. 35 A 
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D£7M OFX-SHEAR F0RA2x2 
SET OF OVERLAY GROUPS 




FIG. 35B 



FINAL RESULTS OF THE METHOD OF THIS INVENTION. 
UNTTS=MICRONS, (Xf.yf) = INTRA-FIELD LOCATION, 
(dxf, dyf) = INTRA-FIELD DISTORTION AT POINT (Xf, yf). 




Machine id: DUVF11-02 



Xf 

-10000.000 
-8000.000 
-6000.000 



yf 

=10000.000 
-10000.000 
-10000.000 



dxf 

-0.139 
0.223 
0.498 



dyf 
0.044 
-0.233 
0.004 



10000.000 10000.000 



0.099 -0.188 



FIG. 36 
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FIG. 41 



Alty Dackc! No.: SSaCE-SCSCC 



23/32 




FIG. 42 
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F//V/W. RESULT FOR COMPUTATION OFx AND y TILT. 
(Xf,yf) =INTRA-FIELD LOCATION IN MICRONS 
(S2, a3) = (X,y) TILT IN RADIANS 




Machine id: DUVF11-03 

xf yf a2 a3 

-10000 -10000 -0.15 0.06 

-8000 -10000 -0.17 -0.42 

-6000 -10000 -0.38 -0.01 



10000 10000 0.11 -0.08 




FIG. 51 



